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SPECIFICATION 

A process for the pyrogenic production of very finely 
divided oxides of a metal and/or metalloid 

5 

The present invention relates to a process for the 
pyrogenic production of very finely divided oxides of 
a metal and/or metalloid. More particularly, it relates 
to a process for the pyrogenic production of a very 

10 finely divided oxide of a metal and/or metalloid in 
which a volatile halogen compound of the metal 
and/or metalloid is used as a starting material and in 
which the elementary halogen formed as a 
secondary product during formation of the oxide of 

15 the metal and/or metalloid is reacted during cooling 
of the reaction products with additionally introduced 
gaseous hydrogen below the reaction temperature 
of the oxyhydrogen gas mixture, consisting of the 
gaseous hydrogen additionally introduced and the 

20 oxygen present in the reaction gases, to form 
hydrogen halide. 

In the pyrogenic production of very finely divided 
oxides of a metal and/or metalloid, volatile 
compounds of the metal and/or metalloid, together 

25 with inflammable or hydrogen-forming gases and 
oxygen or oxygen-containing gases (referred to 
herein as an oxyhydrogen gas mixture), are 
delivered to a burner either separately or in 
admixture. The inflammable gas and the 

30 oxygen-containing gas are delivered in a 

quantitative ratio which guarantees both complete 
combustion of the inflammable gas and also 
hydrolysis of the volatile compound of the metal 
and/or metalloid. 

35 When inorganic or organic halogen compounds of 
the metal and/or metalloid are used as starting 
materials, the metal oxide and/or metalloid oxides 
accumulate together with a waste gas containing 
hydrogen halide which is separated from the metal 

40 and/or metalloid oxide in corresponding separators, 
Elementary halogen is formed in a secondary 
reaction. Depending on the reaction conditions used 
for the production of the metal oxide and/or 
metalloid oxide, the quantity of elementary halogen 

45 formed amounts to from 6 to 10% by weight, based 
on the quantity of hydrogen halide formed. 

In one known pyrogenic process for the 
production of oxides of a metal and/or metalloid, the 
elementary halogen formed, for example chlorine, is 

50 removed from the waste reaction gas by reducing 
the elementary halogen formed with hydrogen 
during cooling of the reaction products below the 
reaction temperature of the hydrogen with the 
oxygen present in the waste reaction gas (German 

55 Offenlegungsschrift No. 2,533,925). 

In this known process, in which SiCI 4 (silicon 
tetrachloride) is used as a starting material for the 
production of silicon dioxide, the mixture formed by 
the waste reaction gas and silicon dioxide 

60 undergoes a reduction in temperature of from 1000 
to 200°C during cooling in a relatively long cooling 
zone. The additional hydrogen is introduced in a 
region of the cooling zone in which the waste 
reaction aa^oc <?ril! hsv° => torrmorat, , ^ a nffr** — c;nn 



temperature above 700°C because, at temperatures 
of this order, the hydrogen reacts with the oxygen. It 
is also inadvisable to add the hydrogen at a 
temperature below 500°C because, in this case, the 
70 velocity of the reaction of the hydrogen with the 
elementary chlorine is too slow. 

The best results are obtained by introducing the" 
elementary hydrogen at a temperature of from 550 
to 630°C. 

75 The exact point at which the elementary hydrogen 
is introduced into the cooling zone is dependent on 
the load. In other words, in the event of 
production-induced changes in the rate of flow, the 
point at which the elementary hydrogen is 
80 introduced into the cooling zone has to be changed. 
The hydrogen is introduced through a pipe of 
which the length corresponds to the diameter of the 
cooling zone. The wall of this pipe comprises two 
rows of bores through which the hydrogen is 
85 introduced into the waste reactjon gases. One such 
pipe is shown in cross-section in Figure 1. 

Unfortunately, the known process is attended by 
the disadvantage that the point at which the 
hydrogen is introduced has to be changed even in 
90 the event of minor changes in load. Another 

disadvantage lies in the fact that, in some cases, the 
hydrogen reacts so violently with the elementary 
chlorine that flames are formed. Accordingly, the 
reaction becomes uncontrollable and, in some 
95 cases, can result in damage to the silicon dioxide 
present in the waste reaction gas. This involves the 
danger of premature wear of the pipes through 
which the hydrogen is introduced. 

The present invention relates to a process for the 
1 00 pyrogenic production of very finely divided oxides of 
a metal and/or metalloid by reacting a volatile 
halogen compound of the metal and/or metalloid 
with an oxyhydrogen gas mixture in which 
elementary halogen formed during formation of the 
105 oxide of the metal and/or metalloid is reacted during 
cooling of the reaction products in a cooling zone 
with additionally introduced gaseous hydrogen at a 
temperature below the reaction temperature of the 
gaseous hydrogen additionally introduced and the 
1 1 0 oxygen present in the waste reaction gases, to form 
hydrogen halide, the gaseous hydrogen being 
introduced into the cooling zone by means of at least 
one double-walled pipe, and an inert gas being 
additionally introduced by means of the same 
115 double-walled pipe between the outer and inner 
walls of the said double-walled pipe. 

The quantity of additional hydrogen is determined 
by the reaction conditions for the specific metal 
oxide or metalloid oxide to be produced. Hydrogen 
120 may be introduced in such a quantity that the waste 
gas ultimately obtained contains from 1 .6 to 2.0% by 
volume of hydrogen. 

The hydrogen may be added over the entire 
cooling zone at several points, for example at from 3 
125 to 6 points, a double-walled pipe being inserted at 
each point. 

In one preferred embodiment of the present 
invention, the elementary hydrogen is introduced 
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550 to 630°C. 

The inert gas used may be a noble gas or carbon 
dioxide, although nitrogen is particularly preferred. 
It may be used in a quantity of from 20 to 200 m 3 /h. 
5 Volatile halogen compounds of the metals 
aluminium or titanium or of the metalloids 
(semi-metals) silicon or germanium may be used as 
starting materials for the production of the metal 
oxides or metalloid oxides. 
10 For producing mixed oxides of different elements, 
a mixture of the volatile halogen compounds of the 
corresponding elements may be used as the starting 
material. 

In one preferred embodiment, the starting halogen 

15 compound used is the corresponding chloride of the 
metals or metalloids. Organic halogen compounds 
may also, however, be used. Thus, SiHC^, SiCl2H 2 , 
SiCI 4 , CH 3 SiCI 3 (CH 3 )2SiCI 2 , (CH 3 ) 3 SiCI, CH 3 - CH 2 - 
SiCI 3 or (CH 3 -CH 2 )2SiCI 2 may be used for the 

20 production of silicon dioxide. 

The process according to the present invention 
has the advantage that the hydrogen may be mixed 
more intensively with the waste reaction gas. By 
simultaneously adding the inert gas, it is possible to 

25 influence the temperature althe point of 

introduction so that, in the event of changes in the 
rate of flow, there is no need for the point of 
introduction to be changed. Thus, the hydrogen may 
be introduced at a point at which the temperature of 

30 the waste reaction gases is so high that the 

hydrogen would be immediately burnt off with the 
halogen without this undesirable burning taking 
place. Another advantage is that, by introducing the 
inert gas, the pipe through which the hydrogen is 

35 introduced is cooled and, hence, remains 

serviceable for a longer period and the danger of 
corrosion can be avoided. In addition, the 
introduction of inert gas prevents metal oxide or 
metalloid oxide from being deposited on the pipe. 

40 The process according to the present invention is 
described in more detail in the following with 
reference to the accompanying drawings, wherein: 

Figure 7 shows a conventional pipe for the 
introduction of hydrogen. 

45 Figure 2 is a longitudinal section through the 
double-walled pipe according to the present 
invention for the introduction of hydrogen. 

Figure 3 is a cross section on the line A - A of the 
double-walled pipe for the introduction of hydrogen 

50 shown in Figure 2. 

As shown in Figure 1, the pipe 1 through which the 
hydrogen is introduced is fixed in the wall of the 
cooling zone 2 in such a way that its length 
corresponds to the diameter of the cooling zone. The 

55 pipe 1 comprises two rows of bores 3 in its wall. The 
hydrogen is introduced into the pipe 1 through a line 
fixed to the flange 4 and flows through the bore 3 
into the cooling zone. 

As shown in Figure 2, the hydrogen is introduced 

60 into the double-walled pipe 7 through a line fixed to 
the flange 5 comprising the bore 6 and emerges at 
the open end 8 of the double-walled pipe 7 inside the 
cooling zone. The double-walled pipe 7 is fixed to the 
wall of the cooling zone by means of the flange 9 

65 comorisina the bores 10. T u ° : n*»r* aas i s introduced 



throughh the feed pipe 1 1 into the space 1 2 between 
the inner wall 13 and the outer wall 14 of the 
double-walled pipe 7. The inert gas flows through 
the open end 1 3 of the space 12 into the interior of 
70 the cooling zone. 

Figure 3 shows the inner wall 13 and the outer wall 
14 of the double-walled pipe joined together by the 
webs 16. 

75 CLAIMS 

1 . A process for the pyrogenic production of a 
very finely divided oxide of a metal and/or metalloid 
by reacting a volatile halogen compound of the 

80 metal and/or metalloid with an oxyhydrogen gas 
mixture in which elementary halogen formed during 
formation of the oxide of the metal and/or metalloid 
is reacted during cooling of the reaction products in 
a cooling zone with additionally introduced gaseous 

85 hydrogen at a temperature below the reaction 
temperature of the gaseous hydrogen additionally 
introduced and the oxygen present in the waste 
reaction gases, to form hydrogen halide, the 
gasebus hydrogen being introduced into the cooling 

90 zone by.means of at least one double-wailed pipe, 
and an inert gas being additionally introduced by 
means of the same double-walled pipe between the 
outer wall and the inner wall of the said 
double-walled pipe. 

95 2. A process as claimed in claim 1 wherein the 
hydrogen is introduced at a temperature of from 500 
to 700°C. 

3. A process as claimed in claim 2 wherein tne 
hydrogen is introduced at a temperature of from 550 

100 to630°C. 

4. A process as claimed in any of claims 1 to 3 
wherein the inert gas is nitrogen. 

s /s. A process as claimed in any of claims ! tv *. 
wherein the inert gas is used in a quantity of frcr. 
105 to200m 3 /h. 

6. A process as claimed in claim 5 wherein the 
inert gas is used in a quantity of from 50 to 1 50 m'/h. 

7. A process as claimed in any of claims 1 to 6 
wherein the volatile halogen compound is the 

110 corresponding chloride of the metal and/or 
metalloid. 

8. A process as claimed in claim 1 substantially 
as described with particular reference to the 
accompanying drawings. 

115 9. An oxide of a metal and/or metalloiJ when 
produced by a process as claimed in any of claims 1 
to 8. 
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